Hydro-physical processes operating in the Calabar drainage area were analyzed by estimating the volume of surface runoff carried in each basin and sub-basin, using field measurements of flow velocities in conjunction with the "Rational Method" mathematical model proposed by civil and environmental engineers. It was found that run-off flow is affected by at least three factors which either produce floods or erosion conditions. The factors include size of catchment areas, gradient and lengths of flow channels. The Multiple Regression statistic was used to test these relationships. The results showed a strong statistical correlation among these variables, as well as between these variables and flow characteristics. It was found that for all the basins, runoff volume increased with increasing surface area of the catchment; just as areas with lower elevations register higher flow volume accompanied by flooding; with a reversed condition in higher ground where higher velocities are found with resultant erosion conditions. Also channels with considerable lengths receive higher flows along their courses downstream, and thus produce floods. It was therefore, recommended that in addition to the six major drainage channels recommended for the area, each channel and each segment of a channel should be determined by its gradient, drainage area, length of flow channel.
INTRODUCTION
Several theoretical and practical works have been done on run-off-induced natural disasters. These include researches on floods (using the Time Series approach), erosion rates (based on changes in gully-depth), as well as on volume of sediment yield. There is a general consensus that human activities help to accelerate these hazards. For example Adefolalu (2008) attributes flooding to the building up of flood plains and construction of structures across slopes. In all these studies, adequate channelization and planting of vegetation have been suggested as remedies. At the engineering level, it has been suggested that design of storm drains should be based on flood frequency for the affected area, while trapezoidal and closed up drains are recommended in accordance with flood magnitude. All these have in many instances produced very short-term and highly localized results, helping only to alter the points of incidence of either flood or erosion, because the approaches hardly take into account the over-all runoff characteristics of the given region (Parker, 2015) . This paper attempts a determination of the total Volume of Surface Run-off Discharge per unit of sub-basin within the Calabar drainage area, as well as determination of the controlling factors. This is with a view to providing a new insight into the intractable problem of flooding and erosion in the region.
One of the unique characteristics of urban flooding problem facing the Calabar region is that floods are not caused by the overflow of the two rivers that sandwich the city or by tidal waves as a coastal city. Rather floods are caused by storm runoff which is generated after every heavy rainstorm. A study of the topography of Calabar has shown that the city has a total of six major drainage basins; with seventy-three sub-basins (Ugbong and Budagov, 2016) . In effect, runoff discharge defines the mean velocity of surface water passing through a given cross-sectional area in a given unit of time (Guinness and Nagel, 2006) . This is very important in the determination of flood peaks since floods occur when the volume of flow can no longer be contained within the margins of its normal channel. Runoff itself is a product of rainfall whose intensity exceeds the infiltration capacity of the soil (Itam et al, 2015a) . According to Adefolalu (2008) , at the time of floods, the rate of rainfall is much higher than the infiltration capacity of the soil. Total amount over a short duration of the thunderstorm is often very high with the result that the intensity of fall per hour is high.
THE STUDY AREA
Calabar is located in the subequatorial climatic zone of south eastern Nigeria: at latitude 04.58 degrees north of the Equator and longitude 08.21 degrees east of the Greenwich Meridian (see Fig. 2 ). The annual average rainfall is about 3030.2 mm. The heaviest rainfalls occur in the months spanning from June to September; and the average rainfall for these four months is slightly above 4000 millimetres. The maximum rainfall is recorded in June: about 4040 millimetres on the average (see Figures 1) . The driest period of the year is December -January. There are usually less than five rain days per month in the dry season, but as many as 25-27 days in the wettest part of the year. (A rainy day is said to occur if rainfall is greater than 1mm. Thus, on the average in Calabar, the amount of rainwater that would pour over 1 hectare of land throughout the 4 months spanning from June to September, would be in the order of 4,400 cubic metres (100×100×0.41 = 4.1×103 m 3 ). This quantity of water has great potential in providing vast ecological and agricultural benefits to the city if properly harnessed; but it also has the potential for inflicting grave ecological damage if mismanaged (Itam et al, 2015b) .
Because of their important role in the formation of storm drainage peaks, the characteristics of the high-intensity, short-duration rainfall was carefully analyzed. The intensity-duration curves based on records of the 1986-1994 periods were drawn up for different return periods.
The drainage system of Calabar is hinged around two rivers, the Great Kwa and Calabar Rivers. However, there are no flow data available for either river. However considering the rainfall regime and the characteristics of the drainage network, it was possible to assume that low flows occur in January -February, and flood flows in August -September. Also the water-courses feel the influence of ocean tides from the Atlantic Ocean, which run up the rivers for some ten or twelve kilometers from their mouths. Observations show that influences are felt from the late afternoon hours.
MATERIALS AND METHODS

Empirical Analysis
The basic data used to calculate flows in the drainage system were: rainfall intensity-duration curves and land use characteristics as envisaged in the Calabar master plan, as well as morphological information (areas, lengths and slopes) derived from the 1:12000 map (Figure 2) . In estimating the flows a total seventy-three (73) locations, spread across the seventy-three sub-basins delineated above were designated. First the character of rain fall which influences run-off in the area was analyzed along with the tidal oscillations of the two major rivers which eventually collect the run-off. Thereafter, the study examines the nature of controlling factors over flow response, which in turn determine the points of incidence of flood and erosion in the study area.
Furthermore, the Rational Method was used to compute run-off discharge for each basin. The method takes account of the factors which control the amount of water conveyed to a drainage system during rainstorm. This include rate of rainfall, character of the ground surface, size and slope characteristics of the drainage system. It was necessary therefore to first summarize the rainfall characteristics of the study area and then move on to show the volume of discharge per sub-basin. The expected controlling factors on discharge, vis: Gradient, size of drainage area and length of flow Channels, are thereafter tested by correlation and regression.
Values of maximum discharge (Q max ) for each unit area were computed using the Rational Method formula give as:
Once again the terms Ψ and I defined run-off co-efficient and rainfall intensity respectively. Rainfall intensity is expressed in mm/h, for duration equal to the concentration time of the basin involved. In this case was computed in terms of concentration time (tc). According to Niger-Technical (2011), the assumption that tc is representative of the response time of the basin concerned is satisfactory for small basins general, and the other basic assumptions inherent in the formula may also be considered acceptable for basins with paved areas. It was also instructive to remember that the determination of run-off co-efficient in the rational formula depends on the characteristics of the drainage basin, i.e. on the type of land use, type of pavement, slope of the area and so on. Based on these conditions and parameters, it was possible to compute the maximum discharge values for the seventy -three locations. Tables (i-iv) show the flow discharge values that were obtained. Each table shows values for еасh basin, along with gradients, drainage areas, and distances between points of flow calculation.
Flow Discharge Estimates
Tables 1 to 4 represent the four of the six basins delineated as shown on the map. Note also that the run-off, discharge values are arranged in a downstream direction, from top to bottom. A column showing cumulative flows is also included to show the down-stream change in the magnitude of flow. It was expected that the cumulative flow calculations will vary very little from the partial flow calculations for each sub-basin downstream. But this was not the case. As can be seen from the tables the degree of variance was obviously so strong that some controlling factors had to be examine.
Since there is fairly uniform rainfall intensity and infiltration rates over each unit sub-basin, it was predicted that variation in flow could be affected by the size of drainage areas contributing run-off to each channel, as well as slope gradient and the average lengths of flow channels. Slope gradient and lengths of channel were pre-determined from Figure 3 . Gradient was calculated in terms of contour heights over a measuring location. Values for these parameters were computed for individual sub-basins as shown in the tables along with the flow calculations.
Statistical Analysis
While the fore-going empirical analysis was used in generating a mass of the data set, statistical analysis is here applied in order to test the relationship among the identified variables. According to Granger et al (2010) , statistical techniques are being increasingly used in the morphological analysis of landscape. It has also been accepted by Chorley and Kennedy (2001) that if a large number of morphological variables for example statistically correlate significantly, then this may indicate conditions of physical equilibrium. By way of example, Chorley and Kennedy showed evidence that where there is removal by streams from the base of slopes, a high degree of significant correlation may be found of a number of variables. With the flow calculations, and the computation of drainage areas, gradients and linear distance (lengths) between flow points for each subbasin, hypothesis II was tested using the Multiple Regression statistic for four (4) of the six basins (see Table 5 ). For each basin, both linear and nonlinear operations were performed on the data set in to order to ensure that a better result obtained from either of the two operations is the one used for further analysis. The Non-linear operation was performed by transforming all values into a logarithmic mode. However, it was operationally impossible to model basins 4 and 5 on the same programme because of the smallness of sample sizes for the two basins. They were thus left out of the analysis. The multiple regression equation is given by the formula.
where: The F-ratio was used in the regression analysis to indicate the statistical significance of the test. This calculated F-value was compared with the table of values at 0.05 or 95 percent level of significance to confirm the hypothesis for each basin. The T-statistic was also calculated in the model to establish a statistical difference between each of the independent variables and the dependent variable. According to Freud and Walpole (1997),
where: x -sample mean, n -sample size S -sample standard deviation, U -population mean.
INTERPRETATION OF RESULTS AND DISCUSSION OF FINDINGS
On the whole results of the fore-going analysis shows that there is a positive relationship between run-of flow (Y) and drainage area I (Xi) for all the four basins analyzed; but a negative relationship is recorded between run-off and Gradient (X 2 ) in basin I, 2 and 6, and also between runoff and linear distance from basin head to outlet (Х 3 ) for basin 1, 3 and 6. These relationships are shown in Table 5 .
The expressed relationship between run-off flow (y) and drainage area (x 1 ) is in consonance with theoretical expectation since according to Strahler and Strahler (1979) Strahler and Strahler, 1979) , shows that when flow discharge was plotted against basin area, the fitted straight line ran at 45° across the graph. It shows that flow discharge increase in direct Proportion to the basin area.
One practical use of such established mathematical relationship between discharge and basin area is that it enables the hydrologist to estimate mean discharge at any point in the flow system by measuring the watershed area lying above that point (Zieder et al, 2006) . Such knowledge would also be essential in designing hydraulic structures such as storm drains, bridges, irrigation diversions and dams. Moreover, if man-made changes in a particular area should alter the soil-water budget, the effect may be recognized by a marked departure of data of a given gauge point from the normal trend. It is not surprising therefore, that basin 1 records the highest cumulative flow, since its area surface is almost the size of other five basins put together. Similarly, the negative relationships between flow discharge and gradient (X 2 ) in basins 1, 2 and 6 is in conformity with expected results. It is intuitively obvious that water will flow faster in a channel of steep gradient than in one of low gradient, since according to Strahler and Strahler (1979) , the components of gravity acting parallel with the bed is larger for the steeper grade. The negative sign in the coefficients indicates that flow in a lesser depth or higher ground will be less than on a steeper or lower ground. The reason as noted by Zhou (2014) is because the motion between successive water layers is accumulated upward from the bed and outward from the banks. The Chenzy equation confirms this when it states in words that "mean velocity varies directly as the square-root of the slope..."
On the other hand, negative signs which relate the coefficients of linear distance and run-off flow is not in consonance with theoretical expectation since according to Daniel (2001) , the dendritic Pattern of channels represents the effective compromise between length of flow path and run-off discharge, while at the same time carrying water supplied by the basin surface.
In other words it is expected that discharge increases with increasing distance downstream. But the negative sign shows an inverse relationship. However, from field observation this sign shows that discharge increases even with the smallest change in distance downstream. That is to say flow discharge increases more rapidly than the change in distance downstream. It was also observed that there were reduced downstream velocities in a few channels arising from widened channels and the age of the channels in those segments. In sum, there must be a built-in geometrical compromise between two aspects of the drainage system efficiency (Chocat, 2007) . On the one hand, the shortest distance between a point on the divide and the exit point will have the steepest average gradient and will minimize flow resistance for a single channel. On the other hand, one large flow channel is more efficient in discharging run-off than several small channels carrying the same flow. In other words, when this relationship is examined in terms of all other factors affecting runoff, we find that there is an explainable interconnection: as channels of a network increase in length and size, and hence in water discharge, they also decrease in gradient.
Flow Characteristics and the Incidence of Flood and Erosion
By definition, a condition of flood exists when runoff discharge cannot be accommodated within the margins of normal channels, so that water spreads over adjoining ground. Erosion on the other hand is the removal and transportation of soil particles, running water or wind (Parkinson, 2010) . The fore-going runoff calculations and factors affecting them thus, have their definite expression in flooding and erosion in the landscape.
The down-stream segment of all basins in the study area recorded high flow, lower gradients and increased distances from the basin heads. This lower segment marked the location of all high or flash flood points. Other locations of flood points within the basins are determined by other factors. These include locations where channels intersect each other discordantly against the natural flow direction, as well as at road intersections coming from heavily paved surfaces. These areas increase greatly the amount of flow generated and also the velocity of flow due to straightening of channels and removal of the infiltration components of runoff. Generally, over the entire study area, where the ground elevation ranges between 5m to 35m above sea level or slope angle ranges between 0° and 2°, severe flooding is experienced as a result of reduced velocity of flow. Example is represented by portions of the central trough which passes through basin 1. Also facets of land where slope angle is about 2° in all directions, as for example Goldie-by-Target junction, the flat floor valley suffers severe flooding during or after a heavy storm, in spite of the super-channel passing through the area.
From the Watt Market area down the gaps in the cliff to the Calabar Coastal plain -the Marina Beach area -the run-off flow is swift because of steep slope with an angle of about 40°. Here the abrupt change in gradient produced very severe erosion, threatening most of the commercial houses in the area. At other locations some very low-lying areas experience such extensive flooding that they have developed into temporary swamp plates. At the outlet of basin 1 which is the central basin and which passes through the CRUTECH Staff Quarters, a combination of high commutative flow and very low gradient nearing zero, has led to such excessive flooding that a permanent swap plate has evolve in the area. Apart from directly inundating homes, such flood pools usually act as breeding ground for disease-carrying pathogens. Elsewhere, where channelization is done, blocking by refuse and other debris leads to a spillover from channel into streets and houses.
Within the study period, two of the types of floods identified by Adefolalu (2008) and Wolfgang (2012) were witnessed. The first was a flash flood condition that was usually associated with a 50 mm per 30 minutes rainfall. This was common during heavy thunderstorm which occurred mostly between the months of April -June and September -October, during late afternoons to night hours, although some mornings were also recorded.
A study of the rainfall and run-off responses also showed that after a heavy rainfall begins, several hours elapse before the basin mouths will begin to show a rise in discharge. This time lag indicates that the branching system of channels acts as a temporary reservoir, receiving inflow more rapidly than it could be passed down the channel system to the basin mouth. This observation conformed to what Granger (2010) described as channel storage during the early period of a storm.
IMPLICATIONS FOR PLANNING
For the central zone, stretching down south to the great Qua River, the Drainage Basin ap-proach is proposed. It is thus recommended that for effective remediation of flood problems in Calabar, a system of six major drainage channels be designed and constructed for the entire Calabar area, each receiving run-off from its tributaries and from its basin area. All the drainage basins identified as Basin 2, 3, 4, 5 and 6, which at present pour storm water into the central channel in basin 1 should each have their own major channels. Already as a response to a similar proposal by (Ugbong and Chima, 2009a) , channel 2 has been developed using underground design as obtainable in Krasnodar, Russia (Figure 4 ). Unfortunately however, in this construction no provision is made for stormwater from residential neighbourhoods and road pavements to discharge into the underground channel. The error must be corrected when constructing the subsequent ones.
Since it has been shown there is a positive correlation between stormwater discharge on one hand, and gradient, surface area and length of a channel, there should also be an increasing down-stream expansion of each channel size to cope with increasing flow volume with distance from basin head to outlet. All channels should be aligned according to the natural course of flow of stormwater in each area. There should be less emphasis on open drains but more on closed ones and underground pipes with man-holes to take out surface water after every storm.
In the extremely low-lying territory of the south, where gradient is barely above the 10 m contour, and where stormwater hardly flows by gravity thereby resulting in massive flooding, this research proposes two approaches: 1) the "detaic design", 2) the Pumping method.
The 'deltaic design' is advocated for the southern extremity of Calabar where the central drainage channel takes all the stormwater and simply discharges it onto the floodplains of the adjoin Qua River, but which backs up and floods adjoining residential neighbourhoods. This will involve a system of river-delta-like channels, to distribute the stormwater into the Qua River at different segments ( Figure 5 ). In the wider river basin system, the river breaks into a system of distributaries at the lower-most reach due to a combination of factors: loss of gradient which then impedes flow by gravity, excess sediment load brought from upstream. This forms the delta.
CONCLUSIONS
In summary therefore, flooding in the Calabar region and particularly in areas of high population density, is caused by (1) high rainfall, (2) the type of slope or gradient of the given area, (3) impervious urban surfaces, (5) unplanned residential developments in the urban periphery, and 4) inadequate and improper drainage channels, due to non-alignment of existing drainage channels with the natural drainage characteristics of the specific areas, and the use of open drains instead of underground channels.
Solving this problem requires a lot of engineering work. For optimal result however, the following approaches are recommended: 1. In addition to the engineering works being done, there should also be an ecological approach. This should be in the form of watershed protection and creation of green belts. In cities of Europe like Krasnodar, Russia, large acreages of city lands are carved out as parks. They are carefully forested and serve both as amenities and as protection against land degradation. 2. Waterlogged territories can be protected from other uses, and be used as protected wetlands for eco-tourism. This is called the "green infrastructure". But where absolutely necessary, waterlogged lands can be reclaimed using available technologies. This can be achieved by pumping out water and sand-filling. 3. Since engineering works are inevitable in built-up areas, special attention has to be paid to design details. Studies have shown the Calabar city region has a system of six drainage basins (Chima and Ugbong, 2009b) . Each of these was supposed to have its own major channel to convey surface runoff away from the land. But this is not so: almost all runoff is diverted into the one central channel. Since the channel capacity is overstretched, it often overflows and causes flooding. Therefore, a system of six drainage channels should be designed and constructed. Already one of such is under construction in addition to the existing one. All details must be based on terrain as shown in attached figure. 4. Also, in an environment where there is a culture of dumping household waste into drainage channels, the use of open drains is not advisable. In cities like Krasnodar, Russia, a system of underground channels is used to convey both surface runoff and sewage water away from the land to adjoining rivers.
The implementation of the whole system of flood control in the Calabar region is very urgent and should be realized in one single step based on a master-plan. The scheme can be achieved by: (1) building flood retaining embankments or levees, (2) storage of flood water, (3) diversion of flood water, (4) improving discharge capacity of the river, (5) construction of spur dykes, and (6) by protecting watersheds and creating green belts. Selection of any one method or a combination of methods depends upon the purpose for which flood control is necessitated and the degree of control required. The cost should be minimized for economically viable solution to the problem.
Finally, in order to obtain a scientific database on flood problems in the region, it is suggested that a complete hydro-geomorphological research be done in the area. This is with a view to producing a simulation model of the Calabar drainage basin and its processes. By so doing, it will become easier to predict with reasonable accuracy the likelihood of flood occurrence and determine remedial measures.
